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(57) ABSTRACT

A method and device of torque generation based on electro-
magnetic effect is provided. An electromagnetic torque
whose direction is opposite to the motor driving direction is
generated in a magnetic field when a motor-drive armature
winding is adopted based on the electro-magnetic induction
principle. Meanwhile, a reverse eclectromagnetic torque
which is reverse to the armature winding with the same mag-
nitude, is applied on a magnet set and is transmitted to an
underactuated system so as to provide required torque for the
underactuated system. Advantageously, the provided torque
is in direct ratio to speed, difficulty in control is significantly
reduced, two-stage electromagnetic variable speed can be
achieved, the design of the system is simple and reliable with
aconcise and clear structure, and the device may be employed
in a wide variety of applications.

12 Claims, 12 Drawing Sheets
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METHOD AND DEVICE FOR TORQUE
GENERATION BASED ON
ELECTROMAGNETIC EFFECT

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims the priority benefit of Chinese
Patent Application No. 201210272457.9, Chinese Patent
Application No. 201210272797.1 and Chinese Patent Appli-
cation No. 201210272444.1, all of which were filed on Aug.
1, 2012. The above-identified applications are hereby incor-
porated by reference in their entirety.

TECHNICAL FIELD

The present invention relates to torque generation and,
more particularly, to a method and device of torque genera-
tion based on electromagnetic effect.

BACKGROUND

Due to the lack of a direct acting force or a torque, system
control of an underactuated system generally tends to be
difficult. For example, a unicycle robot may have only one
wheel contacting the ground and an ordinary wheel is only
capable of forward and backward movement, so the unicycle
robot cannot provide a lateral torque while the veer of the
unicycle robot needs a torque. Likewise, a satellite, a space-
craft and a missile all need to be driven by a torque in order to
point to a predetermined direction. An advanced spacecraft
and a missile generally realize attitude adjustment through
outward gas ejection, and the satellite may use inertial fly-
wheel rotation for generating a reaction wheel and a magnetic
torque or aliquid loop so as to realize attitude adjustment. The
main propeller reverse torque overcoming of a helicopter or a
saucer aircraft is realized by adopting a rotating tail propeller
that is orthogonal to a main propeller.

Certain existing approaches utilize a scheme of controlling
lateral balance of aunicycle robot by an inertial flywheel. One
other approach utilizes a scheme of controlling lateral veer of
a unicycle robot by an inertia flywheel. The method of using
an inertia flywheel to provide a reverse torque is also widely
employed in satellite attitude adjustment, although it is diffi-
cult to use an inertia flywheel providing reverse torque to
control attitude. The reason is that the magnitude of the
reverse torque provided by an inertia flywheel is in direct ratio
to rotational acceleration of the flywheel while a motor is a
speed servo system for which tracking for acceleration is not
easy to achieve when the flywheel rotates at a uniform speed,
and thus no reverse torque is generated. In addition, the mag-
nitude of the provided reverse torque is limited because of the
limitation of the rotational speed of the motor.

One technique, as disclosed in Chinese Patent Application
No. 200510111490.3, provides a method and system for con-
trolling attitude of micro-satellite based on an active magnetic
control, mainly by adopting magnetic torque active magnetic
control, integrating with gravity gradient rod and momentum
wheel offset stabilization control unit to form satellite attitude
stabilization platform, and utilizing coil current interaction
on the geomagnetic field and a satellite to provide a torque to
adjust satellite attitude. Such technique is significantly difter-
ent from that of the present invention in that the interaction
between a permanent magnet and an armature winding in the
magnetic field are utilized to generate a counter torque. On
the other hand, according to the technique as disclosed in
Chinese Patent Application No. 200910152010.6, an angular
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momentum produced through liquid flowing in a pipe enables
the satellite attitude to change. However, such technique is
also significantly different from that of the present invention
in a scheme that electromagnetic effect is used to adjust
satellite attitude. For a spacecraft, the carried gas capable of
being jetted out is limited, while the scheme where electrical
energy is converted into mechanical energy can utilize inex-
haustible solar energy.

A technique, as disclosed in Chinese Patent Application
Nos. 200720037988.4 and 200820120359.2, uses everyday
objects to complete many experiments of motor-driven elec-
tromagnet generation principle, eddy current working prin-
ciple, eddy current generation eftect and eddy current gener-
ating torque under magnetic field effect. Another technique,
as disclosed in Chinese Patent Application No.
CN102529574A, provides a mobile medical equipment
truckle with an electromagnetic torque balance motor
installed, wherein the technique can use friction torque of
electromagnetic torque balance truckle generated by the rota-
tion of the truckle, to reduce thrust for the working staff. Yet
another technique, as disclosed in Chinese Patent Application
No. CN1532656A, provides a miniature three-shaft attitude
control device, including three planar motors, a cube support
frame and a control plate, wherein the planar motors include
rotors, stators, rotor shafts and bearings. The rotors comprise
a plurality of pairs of magnetic poles. The planar motors are
disposed on three mutually perpendicular planes of the cube
support frame through the rotor shafts and the bearings.
Because stator coils in the stators are secured on a substrate,
and a flat stator is in a fixed state, the direction of reactive
force applied on the rotors is opposite to direction of the force
applied on the stators. The stator coils are continuously made
to pass through three-phase square wave current according to
a certain electrifying sequence, that is, continuous rotation of
the rotors is guaranteed. Such a structure ensures larger rotat-
ing torques of the motors. Still another technique, as dis-
closed in Chinese Patent Application No. CN1983098A, pro-
vides a micro satellite attitude control system containing a
magnetorquer, wherein the magnetorquer is formed by three
magnetic bars and its power amplifier circuit. When current
passes through the magnetic bars, controllable magnetic
torque, which can react with the ground magnetic field to
generate three-shaft control torque, can be generated. A con-
trol system with active magnetic control by the magnetorquer
as the core and in combination with gravity gradient rod and
momentum wheel offset stabilization works as a satellite
attitude stabilization platform.

SUMMARY

The above-identified techniques are all based on electro-
magnetic induction principle originating from Maxwell
equation. However, the above-identified techniques are sig-
nificantly different from the present invention in technical
field, technical scheme and effect. For example, the above-
identified techniques do not disclose a magnet set, an arma-
ture winding, and a motor being coaxially connected with
shaft-used arch keys of the armature winding with the arch
keys located in the front end cap. In other words, in the
above-identified techniques, the electromagnetic effect is not
used to generate atorque, let alone using such atorque to drive
an underactuated system. Furthermore, the technical impli-
cation that a torque generated by electromagnetic effect
between a magnetic field and a winding connected with
power is used to control and adjust an underactuated system is
not mentioned in the above-identified techniques. Besides,
adjusting the attitude of an underactuated system including a
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unicycle robot, a spacecraft, a satellite and the like by using
the torque generated by electromagnetic effect is endowed
with the technical effects of simple control, no mechanical
loss and nonexistence of noise.

The present invention relates to a method and device of
torque generation based on electromagnetic effect, which can
provide a torque required for an underactuated system, being
widely used in the fields such as unicycle robot lateral attitude
adjustment, unicycle robot veer, satellite attitude adjustment,
spacecraft attitude adjustment, missile attitude adjustment,
main propeller reverse torque overcoming of a helicopter or a
saucer aircraft, etc.

In order to provide a required torque in direct ratio to speed
for an underactuated system and make it convenient for con-
trol by a motor, the present invention provides a method and
device of torque generation based on electromagnetic effect,
for applications in the fields such as unicycle robots, satel-
lites, spacecraft and missile attitude adjustment, main propel-
ler reverse torque overcoming of a helicopter or a saucer
aircraft.

According to one aspect, a method of torque generation
based on electromagnetic effect is characterized in that: elec-
tromagnetic torque generated by electromagnetic effect
between a magnetic field as a shell of a driving body, and a
rotating armature winding, is used to adjust attitude of an
underactuated system including a unicycle robot, a spacecraft
and a satellite, wherein the shell is a magnetic cylinder in a
cylindrical shape, and the mentioned rotating armature wind-
ing is coaxially arranged in the magnetic cylinder. The air gap
exists between the shell and the rotating armature winding,
and they are in contrarotation relative to each other under the
role of electromagnetic torque.

A first embodiment of a torque generation device based on
electromagnetic effect according to the method of torque
generation based on electromagnetic effect may include: a
shell, a magnet set, an armature winding, a front bearing, a
rear bearing, a front end cap, a rear end cap, a motor, a motor
bracket, and a load.

The shell may be a magnetic cylinder, the lower part
thereof being connected with a rectangular parallelepiped
that is fixedly connected with an underactuated system dis-
posed outside the torque generation device. The underactu-
ated system may include at least a to-be-activated system
such as a unicycle robot, a helicopter, a saucer aircraft, a
satellite, a spacecraft or a missile. The shell may further
contain a magnet set, composed of a plurality of (e.g., four or
more) blocks of permanent magnets which are symmetrically
fixed and distributed on the inner side of the shell, and are in
fixed connection so as to form an approximately constant
magnetic field.

The armature winding may be coaxially inserted in the
shell and may rotate reversely relative to each other. Air gap
may exist between the magnet set and the armature winding
that is in parallel connection with the load.

The front bearing may be coaxially connected with the
armature winding and may be embedded in a bearing groove
in the center of the front end cap buckled on the front end part
of the shell.

The rear bearing may be coaxially connected with the
armature winding and may be embedded in a bearing groove
in the center of the rear end cap. The rear end cap may be
buckled in the rear end part of the shell.

The motor may be in a coaxial rotary joint with the shaft of
the armature winding by the arch key, with the armature
winding protruding from the front end cap.

The motor bracket may be formed by a ring located in the
upper part of the motor bracket and a rectangular strip located
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at the lower part of the motor bracket. The ring located in the
upper part of the motor bracket and the motor may be coaxi-
ally inserted and fixed. The rectangular strip located at the
lower part of the motor bracket may be in fixed connection
with a stationary part of the underactuated system.

A second embodiment of a torque generation device based
on electromagnetic effect according to the method of torque
generation based on electromagnetic effect may include: a
shell, a magnet set, an armature winding, a rear bearing, a rear
end cap, a motor, and a load.

The shell may be a magnetic cylinder, the lower part
thereof being connected with a rectangular parallelepiped
that is fixedly connected with an underactuated system dis-
posed outside the torque generation device. The underactu-
ated system may include at least a to-be-activated system
such as a unicycle robot, a helicopter, a saucer aircraft, a
satellite, a spacecraft or a missile. The shell may further
contain a magnet set, composed of a plurality of (e.g., four or
more) blocks of permanent magnets which may be symmetri-
cally fixed and distributed on the inner side of the shell, and
may be in fixed connection so as to form an approximately
constant magnetic field.

The armature winding may be coaxially inserted in the
shell and may rotate reversely relative to each other. Air gap
may exist between the magnet set and the armature winding
that is in parallel connection with the load.

The rear bearing may be coaxially connected with the
armature winding and may be embedded in a bearing groove
in the center of the rear end cap. The rear end cap may be
buckled in the rear end part of the shell.

The motor may be embedded in the front end-part part of
the shell, and the shaft of the motor may be in a coaxial rotary
joint with the armature winding by the arch key.

A third embodiment of a torque generation device based on
electromagnetic effect according to the method of torque
generation based on electromagnetic effect may include: a
shell, a magnet set, an armature winding, a front end cap, a
motor, a motor seat, and a load.

The shell may be a magnetic cylinder formed integrated
connection of a cylinder with one end being open and a shaft
of a variable cross-section at the external side of a bottom of
the cylinder. The internal bottom of the cylinder may be
provided with a bearing groove. The shaft of the variable
section may be in a coaxial fixed joint with a certain under-
actuated system disposed outside the torque generator. The
underactuated system may include at least a to-be-activated
system such as a unicycle robot, a helicopter, a saucer aircraft,
a satellite, a spacecraft or a missile. The shell may further
contain a magnet set that is composed of a plurality of (e.g.,
four or more) blocks. The permanent magnets may be sym-
metrically fixed and distributed on the inner side of the shell,
and may be in fixed connection so as to form an approxi-
mately constant magnetic field.

The armature winding may be coaxially inserted in the
shell and may rotate reversely relative to each other. Air gap
may exist between the magnet set and the armature winding
that is in parallel connection with the load.

The center of the front end cap may be provided with a
bearing groove so as to arrange a bearing which is in a coaxial
rotary joint with the front end of the armature winding, and
the front end cap may be buckled in the front end part of the
shell.

The motor may be fixed on a motor seat that is in fixed
connection with the underactuated system. The shaft of the
motor may be in fixed connection with the armature winding
by the arch key, with the armature winding protruding from
the front end cap.
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A fourth embodiment of a torque generation device based
on electromagnetic effect according to the method of torque
generation based on electromagnetic effect may include: a
shell, a magnet set, an armature winding, a front end cap, a
rear end cap, a motor, a motor seat, and a load.

The shell may be a magnetic cylinder, the entire periphery
of' which may be in integrated connection with an electrome-
chanical transmission component, which may comprise any
of a gear, a cam or an impeller, may be cooperatively con-
nected with a certain underactuated system positioned out-
side the torque generator. The underactuated system may
comprise at least a to-be-activated system such as a unicycle
robot, a helicopter, a saucer aircraft, a satellite, a spacecraft or
a missile. The shell may further contain a magnet set, com-
posed of a plurality of (e.g., four or more) blocks of perma-
nent magnets which may be symmetrically fixed and distrib-
uted on the inner side of the shell, and may be in fixed
connection so as to form an approximately constant magnetic
field.

The armature winding may be coaxially inserted in the
shell and may rotate reversely relative to each other. Air gap
may exist between the magnet set and the armature winding
that is in parallel connection with the load.

The center of the front end cap may be provided with a
bearing groove so as to arrange a bearing which is in a coaxial
rotary joint with the front end of the armature winding, and
the front end cap may be buckled in the front end part of the
shell.

The center of the rear end cap may be provided with a
bearing groove so as to arrange a bearing which is in a coaxial
rotary joint with the rear end of the armature winding in a
rotating manner, and the rear end cap may be buckled in the
front end port part of the shell.

The motor may be fixed on a motor seat that is in fixed
connection with the underactuated system. The shaft of the
motor may be in fixed connection with the armature winding
by the arch key, with the armature winding protruding from
the front end cap.

A torque generation device based on electromagnetic
effect may be further characterized in that the periphery of the
shell may be coated with a layer of electromagnetic shielding
material.

A torque generation device based on electromagnetic
effect may be further characterized in that permanent magnets
of the magnets set may be replaced by an exciting winding
which coaxially winds around a main pole core to form a
magnetic field.

The device and method provided in the present invention
provides numerous advantageous. Firstly, the rotating speed
of the motor is controlled to generate an electromagnetic
reverse torque which is in direct ratio to the speed of the
motor, and the torque is applied in an underactuated system;
therefore, the underactuated system is simply converted into
a fully actuated system and difficulty in control is greatly
reduced. Secondly, with an electromagnetic transmission
device, which is capable of realizing two-stage electromag-
netic speed varying, is adopted in the present invention, vari-
able speed and the like can be realized by changing the elec-
tromagnetic torque which is in direct ratio to the speed in the
case of the existence of constant shell diameter. Additionally,
advantages such as non-existence of dead zone, mechanical
loss and noise etc. can be realized through the engagement of
gears in different sizes.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is an explosion structure diagram of a first embodi-
ment of a torque generation device based on electromagnetic
effect.
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FIG. 2 is an isometric structure diagram of the first embodi-
ment of a torque generation device based on electromagnetic
effect.

FIG. 3 is a side view of the first embodiment of a torque
generation device based on electromagnetic effect.

FIG. 4 is a diagram of a second embodiment of a torque
generation device based on electromagnetic effect.

FIG. 5 is an explosion structure diagram of a third embodi-
ment of a torque generation device based on electromagnetic
effect.

FIG. 6 is an isometric structure diagram of the third
embodiment of a torque generation device based on electro-
magnetic effect.

FIG. 7 is a side view of the third embodiment of a torque
generation device based on electromagnetic effect.

FIG. 8 is an explosion structure diagram of a fourth
embodiment of a torque generation device based on electro-
magnetic effect.

FIG. 9 is an isometric structure diagram of the fourth
embodiment of a torque generation device based on electro-
magnetic effect.

FIG. 10 is a side view of the fourth embodiment of a torque
generation device based on electromagnetic effect.

FIG. 11 is a front view of the fourth embodiment of a torque
generation device based on electromagnetic effect.

FIG. 12 is a force analysis diagram of a torque generation
device based on electromagnetic effect according to the
present invention.

Components shown in the figures include: a shell 1, a
magnet set 2, an armature winding 3, a front bearing 4, a rear
bearing 5, a front end cap 6, a rear end cap 7, a motor 8, a
motor bracket 9, a motor seat 10 and a load 11.

DETAILED DESCRIPTION OF SAMPLE
EMBODIMENTS

The present invention is further described with reference to
the figures and specific example embodiments.

A torque generation device according to the present inven-
tion is based on electromagnetic effect, wherein an armature
winding 3 is driven by a motor 8 to rotate in the magnetic field
and cuts magnetic induction lines to generate induced elec-
tromotive force. When connected with a load such as a resis-
tor, induced electromotive force can produce induction cur-
rent in the armature winding 3, and then an electromagnetic
torque <tem>, whose direction is opposite to the motor driv-
ing direction, is applied on the armature winding 3. Mean-
while, a reverse electromagnetic torque <tantiem>, which is
reverse to the armature winding 3 with the same magnitude, is
applied on a magnet set 2. Because a shell 1 is in fixed
connection with the magnet set 2, the reverse electromagnetic
torque <tantiem> is transferred to the shell 1, and further
transferred to an underactuated system, so as to provide the
required torque to the underactuated system.

A first embodiment of a torque generation device based on
electromagnetic effect in accordance with the present inven-
tion is illustrated in FIGS. 1, 2 and 3. In one embodiment, the
torque generation device includes: a shell 1, amagnet set 2, an
armature winding 3, a front bearing 4, a rear bearing 5, a front
end cap 6, a rear end cap 7, a motor 8, a motor bracket 9, and
aload 11.

The shell 1 is a magnetic cylinder, the lower part thereof
being connected with a rectangular parallelepiped that is fix-
edly connected with an underactuated system disposed out-
side the torque generation device. The underactuated system
includes at least any one to-be-activated system among a
unicycle robot, a helicopter, a saucer aircraft, a satellite, a
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spacecraft or a missile. The shell 1 further contains a magnet
set 2, composed of a plurality of (e.g., four or more) blocks of
permanent magnets which are symmetrically fixed and dis-
tributed on the inner side of the shell 1, and are in fixed
connection so as to form an approximately constant magnetic
field.

The armature winding 3 is coaxially inserted in the shell 1
and rotates reversely relative to each other. Air gap exists
between the magnet set 2 and the armature winding 3 that is
in parallel connection with the load 11.

The front bearing 4, coaxially connected with the armature
winding 3, is embedded in a bearing groove in the center of
the front end cap 6 buckled on the front end part of the shell 1.

The rear bearing 5, coaxially connected with the armature
winding 3, is embedded in a bearing groove in the center of
the rear end cap 7, and the rear end cap 6 is buckled on the rear
end part of the shell 1.

The motor 8 is in a coaxial rotary joint with the armature
winding 3 by the arch key, with the armature winding 3
protruding from the front end cap 6.

The motor bracket 9 is formed by a ring located in the upper
part of the motor bracket 9 and a rectangular strip located at
the lower part of the motor bracket 9. The ring located in the
upper part of the motor bracket 9 and the motor 8 are coaxially
inserted and fixed. The rectangular strip located at the lower
part of the motor bracket 9 is in fixed connection with a
stationary part of the underactuated system.

FIG. 4 illustrates a second embodiment of a torque genera-
tion device based on electromagnetic effect according to the
method of torque generation based on electromagnetic effect.
In one embodiment, the torque generation device includes: a
shell 1, a magnet set 2, an armature winding 3, a rear bearing
5, arear end cap 7, a motor 8, and a load 11.

The shell 1 is a magnetic cylinder, the lower part thereof
being connected with a rectangular parallelepiped that is fix-
edly connected with an underactuated system disposed out-
side the torque generation device. The underactuated system
includes at least any one to-be-activated system among a
unicycle robot, a helicopter, a saucer aircraft, a satellite, a
spacecraft or a missile. The shell 1 further contains a magnet
set 2, composed of a plurality of (e.g., four or more) blocks of
permanent magnets which are symmetrically fixed and dis-
tributed on the inner side of the shell 1, and are in fixed
connection so as to form an approximately constant magnetic
field.

The armature winding 3 is coaxially inserted in the shell 1
and rotates reversely relative to each other. Air gap exists
between the magnet set 2 and the armature winding 3 that is
in parallel connection with the load 11.

The rear bearing 5, coaxially connected with the armature
winding 3, is embedded in a bearing groove in the center of
the rearend cap 7. The rear end cap 6 is buckled in the rear end
part of the shell 1.

The motor 8 is embedded in the front part of the shell 1, and
the shaft of the motor 8 is in a coaxial rotary joint with the
armature winding 3 by the arch key.

FIGS. 5, 6 and 7 illustrate a third embodiment of a torque
generation device based on electromagnetic effect according
to the method of torque generation based on electromagnetic
effect. In one embodiment, the torque generation device
includes: a shell 1, a magnet set 2, an armature winding 3, a
rear bearing 5, a front end cap 6, a motor 8, a motor seat 10,
and a load 11.

The shell 1 is a magnetic cylinder formed through the
integrated connection of a cylinder with one end open and a
shaft of a variable cross-section at the external side of a
bottom of the cylinder. The internal bottom of the cylinder is
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provided with a bearing groove. The shaft of the variable
section is in a coaxial fixed joint with a certain underactuated
system disposed outside the torque generator. The underac-
tuated system includes at least any one to-be-activated system
among a unicycle robot, a helicopter, a saucer aircraft, a
satellite, a spacecraft or a missile. The shell 1 further contains
a magnet set 2 that is composed of a plurality of (e.g., four or
more) blocks. Permanent magnets of the magnet set 2 are
symmetrically fixed and distributed on the inner side of the
shell 1, and are in fixed connection so as to form an approxi-
mately constant magnetic field.

The armature winding 3 is coaxially inserted in the shell 1
and rotates reversely relative to each other. Air gap exists
between the magnet set 2 and the armature winding 3 that is
in parallel connection with the load 11.

The center of the front end cap 6 is provided with a bearing
groove so as to arrange a bearing which is in a coaxial rotary
joint with the front end of the armature winding 3. The front
end cap 6 is buckled in the front end part of the shell 1.

The motor 8 is fixed on a motor seat 10 that is in fixed
connection with the underactuated system. The shaft of the
motor 8 is in fixed connection with the armature winding 3 by
the arch key, with the armature winding 3 protruding from the
front end cap 6.

FIGS. 8,9, 10 and 11 illustrate a fourth embodiment of a
torque generation devices based on electromagnetic effect
according to the method of torque generation based on elec-
tromagnetic effect. In one embodiment, the torque generation
device includes: a shell 1, a magnet set 2, an armature winding
3, a front end cap 6, a rear end cap 7, a motor 8, a motor seat
10, and a load 11.

The shell 1 is a magnetic cylinder, the entire periphery of
which is in integrated connection with an electromechanical
transmission component (which may be any of a gear, a cam
or an impeller, for example) is cooperatively connected with
a certain underactuated system positioned outside the torque
generator. The underactuated system comprises at least any
one to-be-activated system among a unicycle robot, a heli-
copter, a saucer aircraft, a satellite, a spacecraft or a missile.
The shell 1 further contains a magnet set 2, composed of a
plurality of (e.g., four or more) blocks of permanent magnets
which are symmetrically fixed and distributed on the inner
side of the shell 1, and are in fixed connection so as to form an
approximately constant magnetic field.

The armature winding 3 is coaxially inserted in the shell 1
and rotates reversely relative to each other. Air gap exists
between the magnet set 2 and the armature winding 3 that is
in parallel connection with the load 11.

The center of the front end cap 6 is provided with a bearing
groove so as to arrange a bearing which is in a coaxial rotary
joint with the front end of the armature winding 3. The front
end cap 6 is buckled in the front end part of the shell 1.

The center of the rear end cap 7 is provided with a bearing
groove so as to arrange a bearing which is in a coaxial rotary
joint with the rear end of the armature winding 3. The rear end
cap 6 is buckled in the rear end part of the shell 1.

The motor 8 is fixed on a motor seat 10 that is in fixed
connection with the underactuated system. The shaft of the
motor 8 is in fixed connection with the armature winding 3 by
the arch key, with the armature winding 3 protruding from the
front end cap 6.

Inone embodiment, a periphery of the shell 1 is coated with
a layer of electromagnetic shielding material.

In one embodiment, permanent magnets of the magnet set
2 are replaced by an exciting winding which coaxially winds
around a main pole core to form a magnetic field.
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In one embodiment, the load 11 can be a power supply
device to provide power for the motor 8, thereby saving
energy.

In one embodiment, the shaft of the armature winding 3 is
in a coaxial connection with the shaft of the motor 8 by the
arch key. The number of arch key can be multiple, or the shaft
that connects the armature winding 3 and the motor 8 is in
square shape which can be engaged with the motor 8.

In one embodiment, the current direction of the armature
winding 3 is in reverse direction under each pair of poles of
the magnet set 2.

Referring to FIG. 12, when an underactuated system needs
to provide a counterclockwise torque, the speed of a motor is
calculated based on the direct ratio between the magnitude of
the torque and the rotating speed of the motor, namely, T=kn,
in an inverse calculation manner. The motor is driven to rotate
at the required speed in a counterclockwise manner with the
armature winding cutting magnetic induction lines to form
induced electromotive force Ea which is in direct ratio to the
rotation speed n of the armature winding. Because the
induced electromotive force Ea is connected with a constant
load R, the induced electromotive force can generate induced
current la in the armature winding. In the magnetic field, a
clockwise electromagnetic torque <tem> is applied on the
armature winding, the magnitude of electromagnetic torque
being in direct ratio to the induced current la. Due to interac-
tion of forces, a counterclockwise reverse electromagnetic
torque <tantiem> of equal magnitude is applied on the mag-
net set. Based on the reverse electromagnetic torque <tan-
tiem>, the torque generation device provided in the present
invention transfers the torque in a counterclockwise direction
to the underactuated system. Similarly, when the underactu-
ated system needs to provide a clockwise torque, the motor
rotates in a clockwise manner and force analysis is stated as
above. In this way, the underactuated system simply and
conveniently can obtain the required torque and rotate around
a fixed point or a fixed axis as expected, thereby completing
the task of attitude adjustment.

The first embodiment pertains to the implementation of
unicycle robot lateral balance control. The toque generation
device provided in the present invention is loaded on a robot
body. During the installation of the robot, a plane formed by
the rotation of the armature winding is kept perpendicular to
the forward movement direction of the unicycle robot;
namely, the shaft of the armature winding is parallel to the roll
axis of the unicycle robot system. When the robot performs
normal walking, the entire body of the robot should keep a
vertical state, or maintain the angle of the roll angle at zero
degree. If lateral force is not applied, side over-falling will
occur when the unicycle robot is subject to minor interference
under the action of gravity. Even if the robot is activated, the
heeling condition cannot automatically return to the balanc-
ing condition. An expected transverse roll angle of the uni-
cycle robot is ¢F, a real-time transverse roll angle which is
obtained through attitude sensors by the unicycle robot is ¢,
and all the angles adopt counterclockwise direction as posi-
tive direction similarly hereinafter. Based on calculation of
the value of ¢E-¢, first, the controller inputs the value of
¢E—-¢ according to the preprogrammed linear or nonlinear
proportional/integral/derivative (PID) algorithms or fuzzy
value algorithm to work out a desired torque. Subsequently,
the controller works out the rotating speed of the armature
winding according to specific parameters of the device, and
finally outputs control voltage U of the motor according to the
specific parameters of the driving motor.

The second embodiment pertains to the implementation of
unicycle robot veer control. The torque generation device
provided in the present invention is loaded on a robot body.
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During the installation of the robot, a plane formed by the
rotation of the armature winding is kept parallel to the for-
ward movement direction of the unicycle robot; namely, the
shaft of the armature winding is parallel to the yaw axis of the
unicycle robot system. The scheme of yaw torque control is
similar to that of unicycle robot lateral balance control, and
thus detailed description of an implementation thereof is
omitted hereby.

The third embodiment pertains to the implementation of
attitude controls of a satellite, a spacecraft and a missile. The
three torque generation devices provided in the present inven-
tion are capable of being orthogonally fixed on a satellite, a
spacecraft or a missile. When the devices detect that the
objects mentioned above require attitude adjustment, they
work out the shafts around which they should rotate accord-
ing to control algorithm, and then drive the motor in the
direction of the shafts to rotate in turn so as to raise the
required torque and complete the attitude adjustment. Under
the conditions that the control is greatly time-sensitive and
configuration of the devices is high enough, torques of the
three shafts can be provided simultaneously, and attitude
adjustment can be completed in one step.

The fourth embodiment pertains to the implementation of
reverse torque overcoming of a helicopter and a saucer air-
craft. The torque generation device provided in the present
invention is loaded on the body of a helicopter or a saucer
aircraft. During the installation of such a device, a plane
formed by the rotation of the armature winding rotation is
parallel to the rotation shaft of a main propeller of the heli-
copter or a saucer aircraft. When the main propeller of the
helicopter or the saucer aircraft rotates in a counterclockwise
direction, the body of the aircraft is subjected to a clockwise
torque due to angular momentum conservation. In order to
overcome this clockwise torque, the motor is driven to rotate
in a counterclockwise direction to provide a counterclock-
wise reverse torque. Therefore, the two torques offset each
other, thus spin phenomenon of the helicopter or the saucer
aircraft can be avoided.

Those ordinarily skilled in the art would appreciate that the
above forgoing embodiments are merely provided as an illus-
tration of various aspects and potential implementations of
the present invention and not to be construed as limitation
thereof. As several embodiments of the present invention are
described in detail, those of ordinary skill in the art would
appreciate that any modification or equivalent substitution
can be made to the present invention and, thus, any technical
scheme or improvement within the spirit and scope of the
invention are deemed to be covered by the claims below.

The invention claimed is:
1. A torque generation device, comprising:
a shell comprising a magnetic cylinder;
an armature winding disposed coaxially in the shell with an
air gap between the shell and the armature winding;
a magnet set;
a front bearing;
a rear bearing;
a front end cap;
a rear end cap;
a motor; and
a bracket,
wherein:
an electromagnetic torque is generated by an electro-
magnetic effect between a magnetic field of the mag-
netic cylinder of the shell and the armature winding,



US 9,148,046 B2

11

the shell and the armature winding rotate in reverse
directions relative to each other under the electromag-
netic torque,

a lower part of the shell is connected with a rectangular
parallelepiped that is fixedly connected with an
underactuated system disposed outside the torque
generation device,

the magnet set is disposed in the shell and comprises a
plurality of blocks of permanent magnets which are
symmetrically fixed and distributed on an inner side
of'the shell and are in fixed connection so as to form an
approximately constant magnetic field,

an air gap exists between the magnet set and the arma-
ture winding that is in parallel connection with a load,

the front bearing is coaxially connected with the arma-
ture winding and is embedded in a bearing groove of
the front end cap which is buckled in a front end part
of the shell,

the rear bearing is coaxially connected with the armature
winding and is embedded in a bearing groove of the
rear end cap which is buckled in a rear end part of the
shell,

the motor is in a coaxial rotary joint with a shaft of the
armature winding with the armature winding protrud-
ing from the front end cap,

the motor bracket is formed by a ring located in an upper
part of the motor bracket and a rectangular strip
located at a lower part of the motor bracket,

the ring located in the upper part of the motor bracket
and the motor are coaxially inserted and fixed, and

the rectangular strip located at the lower part of the
motor bracket is in a fixed joint with the underactuated
system.

2. A torque generation device, comprising:

a shell comprising a magnetic cylinder;

an armature winding disposed coaxially in the shell with an
air gap between the shell and the armature winding;

a magnet set;

a rear bearing;

a rear end cap; and

a motor,

wherein:

an electromagnetic torque is generated by an electro-
magnetic effect between a magnetic field of the mag-
netic cylinder of the shell and the armature winding,

the shell and the armature winding rotate in reverse
directions relative to each other under the electromag-
netic torque,

a lower part of the shell is connected with a rectangular
parallelepiped that is fixedly connected with an
underactuated system disposed outside the torque
generation device,

the magnet set is disposed in the shell and comprises a
plurality of blocks of permanent magnets which are
symmetrically fixed and distributed on an inner side
of'the shell and are in fixed connection so as to form an
approximately constant magnetic field,

an air gap exists between the magnet set and the arma-
ture winding that is in parallel connection with a load,

the rear bearing is coaxially connected with the armature
winding and is embedded in a bearing groove of the
rear end cap which is buckled on a rear end part of the
shell,

the motor is embedded in a front end part of the shell, and

a shaft of the motor is in a coaxial rotary joint with the
armature winding.
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3. A torque generation device, comprising:

a shell comprising a magnetic cylinder;

an armature winding disposed coaxially in the shell with an
air gap between the shell and the armature winding;

a magnet set;

a front end cap;

a motor; and

a motor seat,

wherein:

an electromagnetic torque is generated by an electro-
magnetic effect between a magnetic field of the mag-
netic cylinder of the shell and the armature winding,

the shell and the armature winding rotate in reverse
directions relative to each other under the electromag-
netic torque,

the shell is formed through an integrated connection of a
cylinder with one end open and a shaft of a variable
cross-section at an external side of a bottom of the
cylinder,

an internal bottom of the cylinder of the shell includes a
bearing groove,

the shaft of the variable cross-section is in a coaxial fixed
joint with an underactuated system disposed outside
the torque generation device,

a plurality of permanent magnets of the magnet set are
symmetrically fixed and distributed on an inner side
of'the shell and are in fixed connection so as to form an
approximately constant magnetic field,

an air gap exists between the magnet set and the arma-
ture winding that is in parallel connection with a load,

the front end cap includes a bearing groove configured to
receive a bearing which is in a rotary joint with a front
end of the armature winding,

the front end cap is buckled in a front end part of the
shell,

the motor is fixed on the motor seat that is in fixed
connection with the underactuated system,

a shaft of the motor is in fixed connection with the
armature winding, and

the armature winding protrudes from the front end cap.

4. A torque generation device, comprising:

a shell comprising a magnetic cylinder;

an armature winding disposed coaxially in the shell with an
air gap between the shell and the armature winding;

a magnet set;

a front end cap;

a rear end cap;

a motor; and

a motor seat,

wherein:

an electromagnetic torque is generated by an electro-
magnetic effect between a magnetic field of the mag-
netic cylinder of the shell and the armature winding,

the shell and the armature winding rotate in reverse
directions relative to each other under the electromag-
netic torque,

a periphery of the magnetic cylinder of the shell is in
integrated connection with an electromechanical
transmission component and is cooperatively con-
nected with a underactuated system disposed outside
the torque generation device,

the magnet set comprises a plurality of blocks perma-
nent magnets which are symmetrically fixed and dis-
tributed on an inner side of the shell and are in fixed
connection so as to form an approximately constant
magnetic field,
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an air gap exists between the magnet set and the arma-
ture winding that is in parallel connection with a load,
the front end cap includes a bearing groove to receive a
front bearing which is in a coaxial rotary joint with a
front end of the armature winding,
the front end cap is buckled in a front end part of the
shell,
the rear end cap includes a bearing groove configured to
receive a rear bearing which is in a coaxial rotary joint
with a rear end of the armature winding in a rotating
manner,
the rear end cap is buckled in a rear end part of the shell,
the motor is fixed on the motor seat that is in fixed
connection with the underactuated system,
a shaft of the motor is in fixed connection with the
armature winding, and
the armature winding protrudes from the front end cap.
5. The torque generation device of claim 1, wherein a
periphery ofthe shell is coated with a layer of electromagnetic
shielding material.
6. The torque generation device of claim 2, wherein a
periphery ofthe shell is coated with a layer of electromagnetic
shielding material.
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7. The torque generation device of claim 3, wherein a
periphery ofthe shell is coated with a layer of electromagnetic
shielding material.

8. The torque generation device of claim 4, wherein a
periphery ofthe shell is coated with a layer of electromagnetic
shielding material.

9. The torque generation device of claim 1, wherein a
permanent magnet of the magnet set is replaced by an exciting
winding which coaxially winds around a main pole core to
form a magnetic field.

10. The torque generation device of claim 2, wherein a
permanent magnet of the magnet set is replaced by an exciting
winding which coaxially winds around a main pole core to
form a magnetic field.

11. The torque generation device of claim 3, wherein a
permanent magnet of the magnet set is replaced by an exciting
winding which coaxially winds around a main pole core to
form a magnetic field.

12. The torque generation device of claim 4, wherein a
permanent magnet of the magnet set is replaced by an exciting
winding which coaxially winds around a main pole core to
form a magnetic field.
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